Neonatal toxic shock syndrome-like exanthematous disease (NTED) is a newly recognized neonatal infectious disease, caused by the superantigen toxic shock syndrome toxin-1 (TSST-1). TSST-1 is mainly produced by methicillin-resistant Staphylococcus aureus, and the immune responses to TSST-1 are known to cause toxic shock syndrome, a life-threatening infectious disease. The clinical symptoms of NTED are skin rash, fever, and thrombocytopenia, but severe thrombocytopenia is rare in term infants with NTED. Although the cause of NTED is the same as that of toxic shock syndrome, the clinical symptoms of NTED are milder than toxic shock syndrome. The mild phenotype of NTED has been explained by selectively elevated serum levels of anti-inflammatory cytokine interleukin (IL)-10, which suppress immune responses to TSST-1. In the present study, we report a term female infant of NTED complicated with hemophagocytic syndrome (HPS). HPS is characterized by systemic inflammation and hemophagocytosis, caused by uncontrolled activation of T cells and macrophages. The serum IL-10 level of the patient at 4 days of age was relatively low (67 pg/mL) for NTED but still higher than normal controls (< 2.0 pg/mL). The patient also showed severe thrombocytopenia. We speculate that the serum IL-10 level of the patient was enough to supress immune responses to TSST-1, thereby resulting in NTED, but not enough to suppress the onset of HPS. This is the first reported case of NTED complicated with HPS. If a physician encounters an NTED patient with severe cytopenia, microscopic examination of peripheral blood smear should be carried out to exclude HPS.
Introduction
Neonatal toxic shock syndrome-like exanthematous disease (NTED) is a newly recognized neonatal infectious disease caused by the superantigen toxic shock syndrome toxin-1 (TSST-1), which is mainly produced by methicillinresistant Staphylococcus aureus (MRSA) (Takahashi et al. 1998; 2009b; 2013) . Immune responses to TSST-1 are known to be a cause of toxic shock syndrome (TSS), which is a life-threatening infectious disease. Although TSS and NTED appear to have the same cause, most term infants with NTED exhibit mild clinical symptoms, and severe thrombocytopenia is rare (Takahashi et al. 2009b ). The mild phenotype of NTED is in part due to the increased serum levels of anti-inflammatory cytokine interleukin (IL)-10 ( Takahashi et al. 2009a) .
In the present study, we report a term infant of NTED complicated with hemophagocytic syndrome (HPS). HPS is a condition characterized by systemic inflammation and hemophagocytosis caused by uncontrolled T cells and macrophages. The patient's serum IL-10 level was higher than normal controls but relatively low for NTED. To the best of our knowledge, this is the first reported case of NTED complicated with HPS.
Case Presentation
The patient was a Japanese female born at 38 weeks and 0 day of gestation with a birth weight of 3,252 g. Her mother was 34 years old with a history of Gravida 2, Para 2. At 35 weeks of pregnancy, the mother was diagnosis with MRSA vaginosis. The patient was born after an uncomplicated delivery with Apgar scores of 9 at 1 min and 10 at 5 min. She was transferred to our hospital at 2 days of age because of fever. On the following day, diffuse macular erythema appeared on her trunk (Fig. 1) 120-245 IU/L), creatine kinase 151 IU/L, aspartate aminotransferase 33 IU/L, alanine aminotransferase 23 IU/L, ferritin 624.5 ng/mL (control range: 5-282 ng/mL), soluble interleukin-2 receptor (sIL-2R) 5,048 U/mL (control range: 190-650 U/mL), C-reactive protein 0.8 mg/dL, IL-10 67 pg/ mL (control: less than 2.0 pg/mL) and IL-6 5.9 pg/mL (control: less than 4.0 pg/mL) (Takahashi et al. 2009a ). The peripheral blood smears revealed macrophages with phagocytized neutrophils (Fig. 2a) and foamy macrophages containing cell fragments (Fig. 2b) . Under a diagnosis of HPS, the patient was treated with intravenous gamma globulin, platelet transfusion and vancomycin. With the therapy, the platelet count increased to 100,100/mm 3 . MRSA was the only bacteria isolated from her skin. Viral culture of her throat was negative. Serum immunoglobulin (Ig) M antibodies against herpes simplex, cytomegalovirus, and rubella virus were all negative. Polymerase chain reaction (PCR) analyses for herpes simplex virus 1/2, Epstein-Barr virus, varicella-zoster virus, cytomegalovirus, human herpes virus 6A/B and human herpes virus 7 were all negative.
At 16 days of age, the patient was discharged, with platelets 560,100/mm 3 and no further evidence of thrombocytopenia.
Written informed consent was obtained from the patient's legal guardian for publication of this case report and any accompanying images.
Discussion
Since 1992, many neonates in neonatal intensive care units in Japan have been developing fever, systemic exanthema, and thrombocytopenia. In 1998, Takahashi et al. (1998) Microscopic examination of the peripheral blood smears revealed (a) a macrophage with a phagocytized neutrophil (black arrow, May-Grunwald Giemsa, ×1,000) and (b) a foamy macrophage containing cell fragments (May-Grunwald Giemsa, ×400). clinical signs (fever; thrombocytopenia; positive but lower value of C-reactive protein), and exclusion of other known diseases (Takahashi et al. 1998 (Takahashi et al. , 2013 . In addition, a previous study demonstrated that the number of T cells positive for T-cell-receptor Vβ2, reactive to TSST-1, was increased in NTED patients (Takahashi et al. 1998 ). In our case, the clinical features of the patient fulfilled the diagnostic criteria of NTED although the Vβ2 positive T cells were not evaluated. As mentioned in the Case Presentation, results of the viral culture, serum IgM antibodies, and PCR of herpes viruses were all negative. Taken together, the patient was diagnosed with NTED. Takahashi et al. (2009a) reported that the serum levels of anti-inflammatory cytokine IL-10 were selectively elevated in NTED infants (mean concentration of IL-10 was more than 1,200 pg/mL; control: less than 2.0 pg/mL), although they did not compare the severity of clinical symptoms with IL-10 values at the individual level. They speculated that immune responses of term infants to the superantigen TSST-1 were actively suppressed by IL-10. In our patient, serum level of IL-10 at 4 days of age was relatively low (67 pg/mL) for an NTED patient but still higher than normal controls and some NTED patients who were described in a previous report (Takahashi et al. 2009a) , in which the values of IL-10 in 4 out of 13 NTED patients were less than 40 pg/mL. Thus, it is possible that immune responses to TSST-1 were suppressed by the relatively high level of serum IL-10, resulting in NTED instead of TSS. In addition, antibodies against TSST-1 play a crucial role in the pathogenesis of NTED. Previous studies have demonstrated that the occurrence of NTED is related to the maternally transferred anti-TSST-1 IgG antibody titer in patients because the antibodies were found to neutralize the superantigenic activity of TSST-1, and the higher amounts of anti-TSST-1 IgG antibodies are effective in protecting against the development of NTED (Takahashi et al. 2000 (Takahashi et al. , 2013 . Therefore, the mild clinical phenotype of our term NTED patient could be due to the maternally transferred antibodies against TSST-1 as well, because the patient's mother was suffering from MRSA vaginosis at 35 weeks of pregnancy.
HPS is a condition characterized by uncontrolled activation of T cells and macrophages. The patient was diagnosed with HPS because she had fever, thrombocytopenia, hemophagocytosis on the peripheral blood smear, and higher titers of serum ferritin and sIL-2R. We treated the patient with intravenous gamma globulin according to previous reports (Aygun et al. 2003; Yoshiyama et al. 2008) prior to fulfilling the HLH-2004 criteria (Imashuku et al. 2000 Henter et al. 2007; Suzuki et al. 2009 ) because delayed diagnosis may result in fatal condition in neonates. Platelet transfusion and vancomycin were used for prevention of neonatal intracranial haemorrhage and for a possible MRSA sepsis, respectively. A previous study indicated that increased levels of IFN-γ and IL-10 were specific to HPS (Xu et al. 2012 ). However, serum IL-10 level of our patient at 4 days of age was relatively low (67 pg/mL) for an NTED patient. It is interesting to note that about half of the patients with HPS were reported to have relatively lower values of IL-10 (less than 100 pg/ml) (My et al. 2010) . Because IL-10 is an antiinflammatory cytokine, it is possible that the relatively low level of IL-10 was not enough to suppress development of HPS in our patient as demonstrated by the marked elevation of sIL-2R and the mild elevation of ferritin and LDH. These results are in part consistent with a previous study, which showed that high concentrations of IL-10 were protective against the development of hemophagocytosis in a mouse model (Behrens et al. 2011 ). Although we did not evaluate cytokines other than IL-10 and IL-6, analyses of serum cytokine profiles would provide insight into the state of immunological pathophysiology in patients with neonatal infectious diseases including HPS.
To the best of our knowledge, this is the first reported case of NTED complicated with HPS. It is possible that HPS has been underestimated in previously reported cases because hemophagocytosis on peripheral blood smear is rare and might be missed in many cases.
In conclusion, we report a term infant of NTED complicated with HPS. If a physician encounters an NTED patient with severe cytopenia, microscopic examination of peripheral blood smear should be carried out to exclude HPS.
